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2 NACA ACR I?o. L407

INTi3QDiJCTXON

M part of a nro~ram of flight tests of several
nrouellers on the IileuublicP-47C airplane fcr the purpose
of’dotermlning climb ad hi@l-spe6d clkraclxristics,
tests have been mede of a Curtiss No. 7’14-3.C2-12fOur-
blede praneller. Results of’these tests and a brief
umlyu?s ate presmted herein.
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PIUP2LLER AND TEST I)JUIF!4ELT

Censral apecif’ications of’the prcpeller and pawer
plant aro as follows:

Numberofblades. . . . . . . . . . . . . . . . . FoUr
Bladedes:~ . . . . . . . . . . Curtlss No. 714-1c2-12
~ladese~tfong . . . . . . . . , . . . . . . . . (jlarky
Fropeller diameter . . . . . . . . . . 12 feet, 2 inches
Pr9~eller gear ratio . . . . . . . . . . . . . . . . 2:1
lin~ine . . . . . . . . . . . . Pratt & Whitney R-230(1-21

I



4 - NACA ACR No. L4L07

Military-power rating of engine:
Engine speed, rpm. . . . . . . . . . . . . . . 2700
h?anifold pressme, Inches of mercury . . . . . .~o;g
Horsepower . . . . . . . . . . . . . . . . . .
Cr~tica~ ~ltttu~e, feet . . . . . . (approx. j 27,000

Lormal-power ratirlgof engine:
Engine speed, r’pm . . . . . . . . . . . . . . . 250 “
Nanifold prassure, ir.cnesof mercury . . . . . . b
Horsepower . . . . . . . . . . . . . . . . . .
Critical altitude, feet . . . . . .

1S25
(approx. ) Z9,JOC)

Tb.eprcpell~r, as tested, was equippad with the standmd
production cooling cufI”s. Blade-for’n curves are presented
11;figure 1.

Climb tests.- ‘Lithe~ine spsed, r.lan.ifoldpressure,—— ——.
and inulcatec? eirspe9d bdjusted to ths desired values,
zhort records on ~.il irl~tr~ler.ts were ~rker.et intervals
di’ 20130feet SS tf.eai~Iplwm climbed frcm sea level to
altitude.

Ciimbs were msde under the following conditions:

(1) Militauy power at normsl climbing indicated atrspeed
of 165 miles per hour

— —.—. ,,
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(2) NoWal power
hour -“-

(~) N~~al pOWer
hour

at indicated airspebd of.160 miles per
F. ...s. ‘....,.. ..-. ..”

-, ... . .. ..
at lndlcated airspeed of 165 miles per .

The climb at m.iIitanympoWer was “t~rmlnated at the
relat!.vely low altitude OF 23;OO0 feet because oi’
insufficient engine cooling indicated by htgk.cyllnder-
head temperature. . “

. .

HiP31-speed tests.- Each high-spee~ run was made at
valueflOr engine speed, torque, Indicated airspeed, and
pressure altitude selecbed to produce a desired combination
of values of alrnlane Mach nhmber, propeller advance-
diameter ratio, and poweb coefficient. Because the air-
nlane was usually either.climbing or diving during B run,
only engine speed, torque, and airspsed cmld be fixed.
These values were therefore held constant as the airplane
nassed through the desired altitude, when a short record
was taken.

The low-speed runs (M % 0.3), used as a basis for
determining the effects of compreaslbility, were made in
the samermanner as the high-speed runs.

REDUCTICJN OF DATA

.

True airspeed, airplane Mach number, and air density
were obtained by standard reduction methods from the
recorded values of impact pressure, static pressure, and
indicated”free-atr temperature. Engine speed, torque,
and propeller blade angle were recorded directly.

propeller power coefficient was calculated by the
formula - .

~p=_.?&

.
Propeller-tip Mach number was obtained from the “

equation

.
Mt=M#T@ ~ ~ v
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Propeller thrust coefficient was evaluated from the
measurements of’slipstream total pressure by the method
described in reference 1, which gives

In order to
the present

(1)

obteln the noncilmer?slonalquantities used in
repcrt, equation (1) was reduced as follows:

dcT dTnl””— = -—

d(x~2)
( ).

n d ra2 ~ ~~2D2

Tne areas under the curves of W@) against ‘$
are equal to the thrust coefficients.

RES’ULTS AND DISCUSSION

Climb tests.- The variations’.of’blade angle,
advance-dlarne= ratio, power and thrust coefficients)
ef~~clency, and propelle~- tlp and alrFlane Mach numbers ““
with dermlty eititude for the climbs are “presented in
figures !;to 6. These fllght data are also given in
table I.

1..
In each of’the”climbs, changed’”in propeller effi-

ciency with altitude ep”pear.tobe small. EXcept.for ~
slight initial increase, efficiency tends.to decrease
with altitude. This decrease is to be expected, since
the operating lift “coefficients et,the blade sections
increase with increasing altitude and approach the stall
region; “the final result is to reduce the section lift-
drag ratios and to lower-the efficiency.

Compressibility effects bscome evident in each of
the climbs whenever the propeller-tip ik{achnumber exceeds
about 0.86. Thrust-grading curves for cllmb at normal
power and an indicated airspeed of lEO miles per hour
are presented in figure 7 to show these effects of
compressibility at high propeller-tip Mach num”~ers. The
effects of commessibilit~ are not evident in runs
20-1 to 20-ll,”in which tip Mach numbers
(figs. T(a) to 7(f)). The first effects

are below 0.85
are evident on

n-ml ■ lmm—1-l-l - ■ m 1 lIHIII ImH Imll ml Ill I
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the right side of the propeller disk for run 20-12
(fig* ~(g}) r h which. tha tlp.Mach n~e~.ks z.e~~~ed.!l..86.9
These effects continue to increase with tip Mach number.
Little or no evidence of compressibility loss exists on
the left side of the propeller disk, probably because the
left side is less heavily loaded than the right sideI
owing to i~llnatlon of the thrust axis to the air stream.I
To the extent, therefore, that the disk load distribution
is affected, the tip Mach number at which compressibility
effects first become evident Is influenced by the airplane
attitude with respect to the flight ~ath.

The term llcompresslbillty effects” as used herein
means the effects shawn by changes in the general shape
of the thrq~st-grading curves, for examle, the dip in
the curve between # = 0.6 and xs2 = 0.9 as measured
with the right survey rhke in run 20-15 (fig. 7(h)). The
term does not Include the effect that causes the grading
curves for both the right ana left surveys to approach
zero at the tip at different val-~esof’ XS2. This 6ffect
Is directly attributable to an unintentional yawed
attitude of the airplane held during the run, whLch
causes the slipstream to be displaced laterally at the
survey rakes.

Losses in thrust due to compressibility are present
at the higher tip Mach numbers but no marked decrease in
efficiency attributable to this cause Is apparent. iiith
further increases in altitude that result in higher
section lift coefficients and Mach numbers, Wwever, it is
expected that the losses would extend over an increasing
Dart of’ the disk area and that the effect on efficiency
would become significant. Compressibility losses can be
delayed by reducing the tip blade angles. This reduction
would result in a transfer of load to the inboard sections,
which operate at lower Mach numbars and can therefore
absorb the additional load without serious compressibility
effects. The inboard shift of load would also tend to
bring the blade loading into closer agreement with the

I theoretically ideal load distribution for a propeller
operating at low advance-dismcter ratios; thus the

I possibility of a reduction In induced losses exists. The
use of this method is suggested”only if particular emphasis1 Is put on climb performance, since large losses in efficiency

I at high speed may result.
I

Since In the range of advance-dlamater ratio for
climb the propeller operates at power coefficients greater

—— —-. —
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than the values for m~imum efficiency, it is generally
recognized that eitiiera reduction in power coefficient
or an increase h advance-diameter ratio 5.snecessary to
increase efficiency. These methcds are illustrated hy
compari

3
the ei’ficiencylevels (at t~ flacknumbers

fbelow O. 6) d the climbs (figs. 4.to ).

In the military-powe.r climb (fig. 4.),the propeller
openates at = efficle~cy of about ?b percent. ~
reducing the pwer coefficient at sasmtiall~ the same
advance-dtameter ratio, as in the normal-power climb at
an indicated airspeed of 160 miles ner hour (fig. ~), the
rapeller efficiency 18 Increased to approximately

EO percent. An additional gain in efficiency of’about
3 percent is achieved ty Increasing the airplane speed
and thereby incraas?.x the advance-diameter ratio,as in
the climb of figure.o, T~ese gains Zn efficiency ara
due primarily to reducti~ns in the section lift coef-
ficients that cause the secttons to operate at lift-drag
ratios annroaching the aptlmum. The climb perfcnnmnce
cf the airplane is, of cource, not improved ty ‘&e
Increase in pr~peller efficiency because of the large
reduction in newer requined to effect the incraase. Tn
order to :mprove ths airplane climb performance, a
proneller designed to absorb military power at these
higher section lift-dreg ratios is necessary; in effect,
an Ancrease in solldlty is req~ired.

Iilgh-sneedtests.. In orden to determine the effects
of compreasibility an praneller operation at constant
power, two series of’runs were made at airplane
Yach numbers ranghg from 0.4.ta O.7. (Me series was
readsat a power coefficient OS about 0.35, which
corresponds apnroxlmately to military-power operation at
crtt?.calaltitude (27,@30 ft). The second series was
ma~e at a power coefficient OS about 0.29, which
corresponds ta military Dcwer at an altitude of’about
1S,000 feet. The data obtained In these tests are given
in table 11. .

The propeller efficiencies measured at high speeds
are compared in figure 8 with the efficiencies measared
at low speed (l!= 0.3) in runs csvering the same
ranges of power coei’-ficl6ntand advance-diameter ratto.
The low-szwed tests are s-ammarizedin figure 9, which
shrewsthe variation of propeller efficiency with power
coefficient and edvance-dismeter ratio.

.

.

..—-.. - - —,-- —.:-.-;. .-. . --- -~
. , . .-, ..- “- . . . . . :

~.~,yy-— ----- >:-- - -,-~ ,,-- -
+ C’-i.-??.... . . .- ... .-“.-... .-. . . .... - - “ .•.:..~., -- .-f:“.. + . .- 8..... .. .



At the proneller speed used in the runs of figure 8,
los3t3sin efficiency due to compressibility apparently
hegln at an airplane Mach numbar below O.~, incresse
Stedd~ly#ULd reach 10 to 11 pePc6nt at an &irpkIIO
Mach number of 0.7. The corresponding propeller-tip
?r:achnumbms range fr6m about 0.95 to 1.07.

Th& effect of propeller-tt~ Mach n~mber an efficiency
is 3“~wn in figure 10, in which the rbtlo of’hi~-sneed
efficiency to low-s~eed efficiency Is given as a function
of Ghe high-speed pnopeller-tip Mach num”m?r. .Figure10
sL3w3 that losses in &fflciency begin at l$t= 0.88,
rhich is in close agreement with the results of the
cli~IIbtests. The efficiency loss due to compressibility
is shovm to Increase at the rate of about 7 percent for
an increas6 ~f 0.1 in tip Mach number.

Thrust-grading curves of runs at a power coefficient
of ~.~~ arc precented In f’igure11. A-sin the climb
runs, only the right side of the propeller disk shows
any appreciable c5mpressibjlity loss (fig. ll(a]). As
the I?ach number is increased, however, compressibility
10SSSS also beccme evident on the lei’tside (fig. n(b)) .
“L’ithfWther increase Inl#ach number, the losses beoome
larger and extend inbo~rd over a greater portion of the
nropeller blade.

The thrust-grading curve of a run made at an
aj.rnlaneMach number of about 0.5 and at a reduced
rotational speed is presented in fibnre 12. The advance-
C!iamter ratj.>and power coefficient cre approximately
the same as those of figure n(f). The marked difference
in Ghe shape of these grading curves indicates The extent
of the 10SS6S in the high-cpesd run of figure n(f).
Figure 12 m~y ulsa be comuared with f~gure 11(b). These
two runs were mfideat roughly the same power coefficient
and alrclune }?achnuxber. The curves for the two runs
illustrate how compressibility losses may be reduced by
deoreaslng the propeller rotational speed and thereby
rducl~ the section Kach numbers. ~ reducin~ the
rotational speed, the propeller efficiency is increased
about 4.percent or about one-half the increase to be
expected from the reduction in tip Mach number alone
(fig. 10). Tlxlsdifference indicates that the propeller-
tlp IYachnumber alone doss not determine the magnitude
of the com~resslkillty losses.

. . . ... -- .. . .-—--- .— -. .- . . ... . -. . - -- - --- . .. . .. -. . . -. . --—. - . .- .—.
.“ .-
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The effect of loading on the propeller efficiency
at high sneed wcs investi~ated by making a series of runs
at an airnlane Ksch nuuber of’about 0.7 and constant
propeller spead with varying power. The r6sults of these
tests are ccmpared h fi~e 13 with the results taken
from figure 9 of low-spead tests at the same advance-
diameter ratia and power coefficients. The extrapolated
point In i’igure13 wes determined by first extenaing the
curve for the higk-speed kests (Cp = 0.35) in figure !3

to an airplane M&ch number of 0.7 and an advance-diamter
ratio of 2.6. ?he value of efficiency obtained was then
corrected to an advance-dlsmetgr ratio OS 2.7 by using
the curve for the low-speed tests (%. = 0.35) of

The efi’ectof compressibility Is to reduca the lif’t
coeft’:cisn%for maximum section efficiency as the critical
Kaca number is exceeded. A decrease in power would,
conseqventl~, be exgected to cause a reduction in
compre~sibility 10ss. In this case; however, some
sections of the propeller tireapparently onerating at
approximately maximum efficiency and some,at lift coef-
ficients above those for maximum efficiency. Under such
circumstances a reduction In power would r~sult in a
decreaee In efficiency of some sections and an improvement
In efficiency in others; the over-all effect wmld be
only a small change in compressibility loss. Figure 11+
shows that the tip sections are ~perating at highest -
efficiency at high Dower, since as the power is reduced
the tip sections produce a decreasing amount of thrust
in comparison with tne inboard sections. Some gain in
high-speed efficiency could probably be obtsined by an
ad~ustment in-load distribution.

A comparison of the results of the high-speed and
low-speed tests indicates that, in order to prevent
large losses in efficiency, blade-section Mach numbers
must be limited by reducing the rotational speed. At the
same time, however, any adverse effect due to the
Increase in section Iift coefficients necessary to
absorb the same engine power at a lower rotational speed
must be avoided by a proper increase in propellar solidity.

-.
------- -- . . —m~:;~ .::..~G_.. . .: 7: :; .:. . . . . . . ..:..; .“#---z --.r:-y-: --; ---------.’----—:- ‘--“-“.- .. . . . . . . . . . .
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CONCLUSIONS
...

Flight tests of the Curttss No. 71L-1c2-12 four-
blade propeller on a Republic P-47C airplane indicated
the following conclusions:

1. In climbs at an indicated airspeed of 165 miles
per hour, from 5 to 8 percent was lost in efficiency by
increasing from normal to military power, primarily
because of the reductions in section lift-drag ratio that
resulted from increased operating lift coefficients.

2. With milltary Dower, losses in efficiency due
to compressibility started at an airplane Mach number
less than 0.)+,increased steadily, and reached 10
to 11 percent et an Eirplane Mach number of 0.7. Compressi.-
billty losses bec.mm evident whenever the propeller-tip
Mach number exceeded about 0.88, and the propeller
efficiency decreased at L rate of about 7 percent for an
increase of 0.1 in tig Mach number.

39 At an airplane 1:’~chnumber of 0.7, a reduction
In engine power below military power resulted in a lower
propellcm efficiency, but the loss in efficiency due to
compressibility (based on low-speed tests at a corre-
sponding advance-d5ameter ratio) was relatively independent
of power.

L. By suitably increasing the solidity and reducing
the rotational s~eed, an improvement in the propeller
efficiency in both climb and high-speed operation may be
possible.

Langley Memorial Aeronautical Laboratory
National Advisory Committee

Langley Field, Va.

iiEIWR~CE

for Aeronautics

1. Vogeley, A. il.: Flight Measurements of Compressi-
bility Effects on a Three-Blade Thin Clark Y
Propeller Operating at Constant Advance-Diameter
Ratio and Blade Angle. NACA ACR No. 3G12, 19)+3.
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TABLE I

~f3ET DATA OHJ!AI19EDHUM CIJMB TESTS OF

OuRTIss”Mo; 74-lCH.2 XXJR-BLADEPRo#kLIJRi

12

.
HATIOMAL ADVIWRY

COMMITTEE R)R AHtOUAUTICS
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l?lg.

n(a)

n(b)

11(G)

ii(d)

11(0)

n(f)

w(a)

-----

-----

~(b)

-----

-----

4(C)
-----

~(d)
-----

-----

----d

-----
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TABLE II

FUW(T DATA”O~AIEBDRMM ~GH-SPEBD TESTS OF

24-6

24-5

&-l

24-2

&-3

&4
17-1

17-2

17-3

17-4

17-5

18-17

18-18

20-18

21-9

21-lC

21-11

21-U

21-13

12-1

. . . ,\, ..,.-

CURTISSMg. 71&lc2-12 ~~-SLADE PROPti-

J

1959

1.84

2.08

2.21

2.k5

2.47

2*69

2.77

2.70

2.73

2.75

2.68

2.67

2.58

2.68

2.55

2.32

2.4

1.95

2.54

~

~●343

9347

.352

.351

.358

.346

.U4

.151

.l&

.176

.204

.216

.221

.256

.282

.290

.292

.291

.295

.330

T
).171

.151

● 134

● 121

● lcq

.W9

●021

.026

.030

.031

SW

.051

.046

.060

.~l

.080

.096

● 108

● 122

● 109

m a
(m ●)

).792 22.62

.801 22.47

.78622.~

9759~=46

.75522.30

.70822.l@

.39522.62

.48222.08

.50022.32

.47622.20

.54322.03

.63622.30

.55722.28

.60925.31

.67222.1#

.70422.45

.75822.47

.79722.41

.80322.49

●ap? 17.81

H

).451

.495

●557

●594

.655

.666

.’/11

.712

.702

.7o6

.705

.701

.693

.699

9695

.662

.604

● 554

.508

.505

Mt

).952

9979

1.009

L● 035

1.061J

l.o~

1.092

1.075

1.079

1.077

1.069

1,078

l.~o

1● 100

lo~l

19&7

1.015

99%

.960

.8o3

a

IJP6

.416

J@

.4=

●4=

.452

.576

.560

●575

●569

9557

.539

9545

.551

.*1

.521

.523

● SW

.515

.716

AL
39.8

41.4
l&l

45.5

4795

47.9

----

----

-0--

----

----

47.8

47.8

47.2

----

----

..-.

----

----

----
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Figure 3.- Republic P47C airplane equipped with a Curtiss No. 714-1C2-12
four-blade propeller and survey rakes.
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four- blade propeller on a Republic P-4 7C a~rpJane. M *03.
(Mcctsured wlm?s of effictencg are gwen for each poinf.)
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NACA ACR No. L4L07 Figs. ha, b
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NACA ACR No. L4L07 Figs. llc,d
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NACA ACR No. L4L07 Figs. he, f
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NACA ACR No. L4L07 Figs. 14c,d
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CLIMB AND HIGH-SPEED TESTS OF’A CTJRTISSNO. TU-1C2-U

FO’JR-BLADE PFK)PELLEFI ON THE REPUBLTC P-47C AIRPLANE

3y A. W. Vageley

F1.lghttests were made of a Curtiss NO. ?L!+-1c2-12
four-blade propeller on a Republic P-~7C ~irplane in
climb ~.ndat h~ql; spec.a. The loss in efficiency when
power v.asiz.crease’dfrrm normal to military was found to
be from 5 to 6 ~erce;lt in c?imbs at an ind~cated airspeed
of 165 rrilcs per F.aur. Tku.sloss was attributed primarily
to reductt~ns in section llft-drbg ratios resulcjng from
increared opera~?ng Ltl’tcoefficients.

Tn hl~k-s”~ecd fli[ht &t military power, losses in
efftcjency Gue to cainpressibllic;’started at an airplane
l’ach nur.br?rless than 0.4 ar.dincreased steadily to 10
or 11 ~erccnt at tinu?rplane $lach number Oi’G.7. These
loss~s were enm~=ntsred” wixnever the moDsller-tip Mach
number e.xcecded 0.83 and the propeller efficiency
decreased at a rate of about 7 percent fcr m increase
of 0.1 in tip Mach numker. At an airplane Mach number
of 0.7 and constant propeller rotational speed the
propeller efficiency decreased with a decreese in power
below military uower. In comparison with the efficiencies
of low-speed fllght tests (a Mach number of approxi-
mately 0.3) at the same advance-diameter ratio, however,
the compressibility loss was relatively independent of
power.

The tests indicated that, by suttably increasing the
solidity md reducing the rotational speed, it may be
possible to Improve the propeller efficiency in both
climb and high-speed operation.

. .

\ —.


